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Abstract

Cytokines are widely known mediators of inflammation accompanying many neurodegenerative disorders including
normal pressure hydrocephalus (NPH). NPH is caused by impaired cerebrospinal fluid (CSF) absorption and treated
by surgical shunt insertion. The early diagnosis of NPH is difficult because of various manifestations of the disease.
One of the most promising research directions is biochemical CSF analysis. The aim of this study was to determine
the CSF levels of cytokines. The levels of various cytokines (IL-6, IL-8, IL-12, IL-10 and TNF-a,) were measured in
patients with idiopathic active normal pressure hydrocephalus, arrested hydrocephalus and hydrocephalus with
brain atrophy compared to controls. Our study showed that the concentrations of IL-6 and IL-8 were significantly
elevated in the group with idiopathic active hydrocephalus compared to control patients. Moreover, we observed that
the levels of IL-6 and IL-8 in the group with idiopathic active hydrocephalus were significantly higher compared to
patients with arrested hydrocephalus and hydrocephalus with brain atrophy.
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cause cannot be identified. The following etiological

Introduction : o
factors are observed: congenital and acquired, i.e.

Hydrocephalus comprises a heterogeneous group
of conditions which have in common almost only
dilatation of cerebral spinal fluid spaces. The etio-
logical diagnosis of hydrocephalus is essential for
the prognosis. In a significant number of cases the

infection, hemorrhage, tumor, increased venous sinus
pressure, iatrogenic, idiopathic. Excluding obstructive
non-communicating hydrocephalus in the adult pop-
ulation there are different terms describing abnormal
accumulation of cerebrospinal fluid (CSF), i.e. normal
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pressure hydrocephalus, arrested hydrocephalus, and
hydrocephalus ex vacuo (cerebral atrophy). Normal
pressure hydrocephalus (NPH) is a disturbance of
physiological balance between secretion and resorp-
tion of the CSF which can lead to its abnormal accu-
mulation in the brain ventricular system with a normal
range of CSF pressure. The result of this pathophysi-
ological process is an enlargement of the ventricular
system and serious dysfunction of the central nervous
system. This syndrome was first described by Hakim
and Adams [12]. The classic symptoms comprising
Hakim’s triad for NPH are cognitive decline, gait dis-
turbances and urinary incontinence. Symptomatology
of NPH is not always complete and unequivocal. It is
very diverse and often limited to only one symptom.
Therefore it is hard to distinguish it from other cen-
tral nervous system disorders. Arrested and ex vacuo
hydrocephalus have different symptomatology and
dynamics of symptoms. NPH can mimic or occur in
combination with various elderly age-related disor-
ders such as cerebrovascular disease, neurodegener-
ative diseases (e.g. Alzheimer’s, Parkinson’s), urologi-
cal disorders, spinal stenosis and others (e.g. arrested
hydrocephalus) [10,33,37]. Proper diagnosis has an
extremely important impact on further diagnostic and
treatment procedures [3,7,9]. The treatment of choice
in symptomatic NPH is surgical. The surgical treat-
ment is intended to drain CSF from the cerebral ven-
tricles using different CSF shunt systems. Despite the
great development of radiological imaging methods
and many other diagnostic methods and functional
tests, hydrocephalus remains a diagnostic and thera-
peutic challenge. There are no widely accepted crite-
ria for NPH diagnosis. Some authors have suggested
that the only reliable diagnosis is to document a pos-
itive response to shunt placement, but other studies
showed a poor correlation between shunt responsive-
ness and the selection criteria now used [13,16]. NPH
is routinely diagnosed on the basis of convergent evi-
dence from clinical history, examination, psychologi-
cal tests and brain imaging, and the lumbar infusion
test with determination of CSF outflow resistance.
Additional tests may help to improve diagnostic con-
fidence, differential diagnosis and prognosis of shunt
responsiveness. One of the most promising research
directions is biochemical CSF analysis. CSF partic-
ipates in the free exchange of many biochemical
products with the brain and provides an insights into
changes in the brain milieu associated directly with
the patient’s condition [30,41,44].
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Cytokines are a diverse group of polypeptides
comprising interleukins (IL), interferons (INF) tumor
necrosis factors (TNF), chemokines and growth
factors. Cytokine levels are rapidly up-regulated in
response to various diseases, injuries and infections
[2,35,40]. Cytokines have typically been classified
as either pro-inflammatory or anti-inflammatory.
In relation to the neurodegenerative processes the
major pro-inflammatory cytokines are known to be
IL-1B, IL-6, IL-8 and TNF-a.. The main anti-inflamma-
tory cytokines are IL-4 and IL-10 [40,41].

The aim of this study was to determine the CSF
levels of the cytokines IL-6, IL-8, IL-12, IL-10 and
TNF-a in patients with idiopathic active normal pres-
sure hydrocephalus, arrested hydrocephalus and
hydrocephalus with brain atrophy.

Material and methods
Subjects

Results of the clinical examination led to selec-
tion of patients with the following criteria (inclusion
criteria): all patients presented enlargement (dilata-
tion) of the brain ventricular system, with CSF pres-
sure in the normal range, there were no additional
diagnosed CNS disorders, and patient’s mental sta-
tus allowed complete neuropsychological tests to be
performed (TMT Trail Making Test, Verbal Fluency
Test — Controlled Oral Word Association Test, Wis-
consin Card Sorting Test). All patients were exam-
ined according to the same protocol: neurological
examination with gait analysis, neuropsychological
tests, medical history of the diseases, brain imaging,
lumbar infusion test.

The authors declare that in accordance with Pol-
ish law and regulations in Bielanski Hospital, War-
saw, Poland, all patients participating in this study
signed individual informed consent before the lum-
bar procedure. In each case, the procedure was per-
formed with strict medical indications and all sam-
ples were sent for diagnostic and scientific reasons.

Among this population the following 3 subgroups
of patients were distinguished.

Group | — active idiopathic normal pressure
hydrocephalus (active iNPH)

Five patients reported with progressive gait dis-
turbances and cognitive deficits — mainly memory
disorders. Those patients were admitted to hospi-
tal and qualified for brain imaging studies (CT, MR)
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because of motor deficits and headaches. Brain
imaging showed ventricular system enlargement in
all patients. In neurological examination gait distur-
bances were present. Neuropsychological examina-
tions (tests) showed specific cognitive deficits, mainly
serious disorders of visuospatial and visuoperceptual
abilities in visual discrimination and visual count-
ing tasks, which suggests impairment in visual form
perception or constructive function. There were also
memory deficits, especially word recognition and
word recall. According to the knowledge and expe-
rience of the authors as well as the literature, those
deficits were typical for INPH [8,13,14,28]. All patients
were diagnosed with the lumbar infusion test intro-
duced by Katzman [15] and achieved results in the
range 12-14 mmHg/ml/min, which indicated a signif-
icant CSF outflow resistance and suggested a benefit
from shunting. Finally all patients were diagnosed
with idiopathic active hydrocephalus and were quali-
fied for shunt placement.

Group Il — arrested hydrocephalus (AH)

Six patients with ventricular system enlarge-
ment were observed for several years. In some cases
information from the patient history suggested that
this process started in early childhood or even was
congenital. Patients in this group were generally in
a good status, without cognitive deficits and only
with mild neurological disorders. In the neuropsy-
chological tests patients did not present cognitive
deficits. In some cases with a low level of intellec-
tual functioning since early childhood there were
only single symptoms of inertia of nervous process-
es, and worsening of verbal fluency and operational
memory span. Those symptoms were not character-
istic for iINPH. The lumbar infusion test resulted in
outflow resistance in the range 6-8 mmHg/ml/min
(with the exception of 1 case in which outflow resis-
tance was higher, up to 10 mmHg/ml/min), which
confirmed that there were no abnormalities in CSF
resorption. Patients in this group were not qualified
for shunting and were diagnosed as having “arrest-
ed” hydrocephalus (AH).

Group lll - hydrocephalus with brain atrophy

Five patients had ventricular system dilatation in
the course of brain atrophy (BA), where vacant spac-
es were passively filled with CSF. Neuropsychological
tests showed impairment of affective-motivational
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regulation, disorders involving reduced psychomo-
tor drive, slowness and emotional liability, cogni-
tive deficits, mostly in the form of concentration
deficiency, impaired shifting in motor sequences
(dynamic praxis disturbance), limited verbal fluency
and a short and visuospatial memory deficits. Reduc-
tions in operational memory span and learning abili-
ty, mainly verbal, were also sporadically seen.

Control group

The control group consisted of two patients, who
because of other clinical indications were subjected
to lumbar puncture and a sample of CSF was collect-
ed. A part of the CSF sample was used in this study.
The first patient was admitted to the hospital with
suspected rhinorrhea resulting from a minor head
trauma four weeks earlier. No CNS pathology was
found during the brain imaging (either immediate-
ly after the injury or on admission a month later).
The neurological examination did not reveal pathol-
ogy. The results of all other tests were in the normal
range; therefore rhinorrhea or another CNS patholo-
gy was excluded. The second patient was admitted
with a history of severe headache and suspected
idiopathic subarachnoid hemorrhage (SAH). Both CT
scan and CSF analysis excluded SAH or another CNS
pathology. It is worth underlining that in the control
group inflammatory processes were not observed.

Sample analysis

For the evaluation of selected cytokine level (pg/
ml) in the cerebrospinal fluid, the BD CBA Human
Inflammatory Cytokines Kit was used. The kit is des-
ignated for quantitative and simultaneous measure-
ment of the protein levels of interleukin (IL)-6, IL-8,
IL-10, IL-12 and tumor necrosis factor alpha (TNF-a).
The measurement was prepared following the man-
ufacturer’s instructions. Data were collected using
a FACSCalibur (BD, San Jose, Ca, USA) flow cytome-
ter and analyzed using FACS Compt Cytometric Bead
Array software Il (BD, San Jose, Ca, USA).

Statistical analysis

Analyses among multi-group data were conduct-
ed using one-way analysis of variance (ANOVA),
followed by the Newman-Keuls post hoc test. Data
are given as the means + SEM. P values < 0.05 were
considered statistically significant. The number of
values (n) was between 4 and 12.
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Table I. The levels of cytokines in control group, active iNPH, arrested hydrocephalus and hydrocephalus

with brain atrophy

Cytokines (pg/ml) Control Active idiopathic Arrested hydrocephalus Hydrocephalus with
hydrocephalus brain atrophy
IL-10 1.32 +£0.063 1.37+0.084 1.38 + 0.080 1.34 +0.068
IL-12 137 £0.120 1.66 +0.121 1.55+0.096 1.44 + 0.068
TNF-a 1.50 + 0.108 1.40 £ 0.113 1.47 £ 0.059 1.36 £ 0.085

Data represent mean values + SEM.

Results

In this study we investigated the concentration
of pro-inflammatory cytokines in idiopathic active
normal pressure hydrocephalus, arrested hydro-
cephalus and hydrocephalus with brain atrophy.
The levels of analyzed CSF biomarkers (IL-10 and
IL-12, TNF-a) were similar and did not differ signifi-
cantly between the control and the three groups of
patients.

We observed that the levels of IL-10 and TNF-a.
concentrations were around 1.4-1.5 pg/ml in all
three groups. Also, the mean IL-12 concentration
was in the range 1.4-1.6 pg/mlin the group of hydro-

1200~ o
###

Fig. 1. Level of IL-6 in active idiopathic normal
pressure hydrocephalus (iNPH) (active hydro-
cephalus), arrested hydrocephalus and in hydro-
cephalus with brain atrophy. Data represent
mean values + S.EM. “p < 0.01 versus control
group (marked with a dashed line) by one-way
ANOVA followed by the Newman-Keuls test.
##Hp < 0.001 versus active iINPH by one-way
ANOVA followed by the Newman-Keuls test.
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cephalus with brain atrophy, active iNPH and arrest-
ed hydrocephalus in order of increasing values.
The levels of these cytokines are reported in Table I.

Interestingly, our study showed that the concen-
trations of IL-6 and IL-8 were significantly elevated in
the group with idiopathic active hydrocephalus com-
pared to control patients (Figs. 1 and 2). The values of
IL-6 and IL-8 in the control group in our study corre-
spond to those observed in other studies [24,25,29].
Moreover, the mean concentrations of IL-6 and IL-8
in the group with active iNPH were significantly high-
er than in patients with arrested hydrocephalus and
hydrocephalus with brain atrophy.

14004

IL-8 [% of control]

Fig. 2. Level of IL-8 in active idiopathic normal
pressure hydrocephalus (iNPH) (active hydro-
cephalus), arrested hydrocephalus and in hydro-
cephalus with brain atrophy. Data represent
mean values * S.EM. 'p < 0.05 versus control
group (marked with a dashed line) by one-way
ANOVA followed by the Newman-Keuls test.
#p < 0.05 versus active iNPH by one-way ANOVA
followed by the Newman-Keuls test.
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Discussion

Systemic and brain inflammatory processes are
associated with various neurodegenerative and
neuropsychiatric diseases, for example Alzheimer’s
disease, Parkinson’s disease, multiple sclerosis,
schizophrenia and normal pressure hydrocephalus
(NPH) [6,28,36,38]. Inflammation usually contributes
to disease progression through the production of
pro-inflammatory mediators. Cytokines are the best
known mediators of inflammation and play import-
ant roles within and outside the brain. Different
levels of cytokines in CSF were reported in various
types of adult hydrocephalus [17,19,20,32,34,42,43].
In our study we distinguished three different groups
of NPH patients: with active idiopathic hydrocepha-
lus, arrested hydrocephalus and hydrocephalus with
brain atrophy. It was interesting whether those dif-
ferent types of hydrocephalus should be associated
with various concentrations of cytokines in CSF.

In our group of subjects with active iNPH, the CSF
level of IL-6 was significantly elevated compared to
control. This is consistent with studies reported by
other authors [17,42].

Sosvorova [42] observed that the CSF level of
IL-6 was significantly increased on the first day of
lumbar drainage in NPH patients compared to con-
trols. After that the level decreased and approached
the control value. Low levels of IL-6 are observed in
the brain under physiological conditions. IL-6 plays
a pivotal role in the normal homeostasis of neuronal
tissue, and its absence leads to reduced glial activa-
tion in traumatic brain injury [18,31]. On the other
hand, a rapid increase in expression and secretion
of IL-6 is observed in various neurological diseases,
for example Alzheimer’s and Parkinson’s disease [5],
brain cancer [21], multiple sclerosis [11,23] and brain
ischemia [1]. In our study the level of IL-6 was signifi-
cantly lower in patients with arrested and with brain
atrophy hydrocephalus compared to the group with
active iNPH.

The brain production of IL-6 is up-regulated by
TNF-o [45]. The level of TNF-o in CSF is increased in
multiple sclerosis [38,39,40] and Parkinson’s disease
[26,27]. Controversial data have been reported con-
cerning NPH subjects [19,20,32,42,43]. In our study
the CSF levels of TNF-a did not differ between the
control group and the three patient groups.

Chemokines play an essential role in neuroin-
flammation as mediators of leukocyte infiltration.
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IL-8 is a pro-inflammatory chemokine and its over-
expression has been observed in various neurologi-
cal disorders, such as multiple sclerosis and Alzhei-
mer’s disease [4,22]. In our study we also observed
significant changes in the CSF level of IL-8 in the
group of active iNPH compared to the control group.
Moreover, the concentration of IL-8 was significant-
ly lower in patients with arrested hydrocephalus
compared to the group with active iNPH. Killer [17]
observed an increase in IL-8 level in patients devel-
oping hydrocephalus following hemorrhage. In the
study performed by Pyykko [32] the lumbar CSF
samples showed higher IL-8 levels compared to ven-
tricular samples in NPH patients.

In our study no differences were observed between
the control group and the three patient groups in the
level of another pro-inflammatory cytokine, IL-12.
Also other authors have not observed any changes in
NPH patients compared to controls [32,34].

The CSF level of IL-10, an anti-inflammatory cyto-
kine, which is able to suppress the production of
IL-1B and TNF-a, did not change in our three groups
of patients, which is in line with other results [32,34].
The study by Sosvorova [42] showed an increase in
IL-10 CSF levels on the first day of lumbar drainage
in NPH patients compared to control groups, but on
the third day the level decreased.

In conclusion, the significantly elevated levels of
cytokines IL-6 and IL-8 in CSF suggest inflammatory
changes in the brain and could be taken into consid-
eration as biomarkers for idiopathic active normal
pressure hydrocephalus.
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